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FLUORESCENT ION INTERACTION IN LASER CRYSTALS

kY

i

\& Abstragt
\i =

Factors influencing the fluorescence of the neodymium ion in

LR

garnet crystals (especially Y3A15012) arevbeinggihvestigated in
order to improve the laser characteristics of these materials. 1In
order to incresse the doping levels of the active ions, the effect

of compensating ions on the concentration of neodymium lons for

E
{ given growth conditions is being investigated. Possible deleterious
L effects in the optical properties of the active jsn in the presence

of these compensating ions are also being studied. The use of
ensrgy transfer to enhance the fluorescence of the neodymium ion . has-

beern considered. Energy transfer from the cerium iva to the neo-

R Aliciiaioniaatiit §

Y dymium fon has—been observed. In a collateral study, the optical

Heisy

properties of the cerium fon in garaet crystals have Leen extensive-

b

ly investigated. Methods of improving the efficiency of the energy

transfer in these materials have been considered.
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I, SUMMARY

During the reporting period endinc 31 May 1967, studies were
conducts! on the factors affecting the fluorescence characteristics and,
therefore, the laser characteristics of the neodymium ifon in garnet host
materials, Compensating ions have been used to increase the concen-
tration of active ions in Y3A15012. It has been found that the optical
properties, such as the fluorescent transition linewidth, may be in-
fluenced by the incerporation of additional ions. Energy transfer from
a sensitizing ion to the active fon (i.e., Nd3+) have bsen used to emhance
the active ion fluorescence. The transfer of energy from the cerium ion
3o the neodymium ion na. been observed and the optical properties of the
cerium fon have been investigated.

The use of compensating ions has been found to increase the con-
centration of neodymium fons {n Y3A15012. When large concentrations of
compensaving fons are used the optical properties may be alterad and
¢ hroadening of the optical transition may be observed, The broadening
of the optical transitions is especiclly prominent when a large compensat-
ing fon such as the Gd>' fon in the Yo' site or the 6a>* icn in the A1
site is used to expand the average lattice parameters, The substitution

£ in Yo" site to compensate for the larger

of a smaller fon such as Lu
Nd3+ ion has been shown to minimize the broadening effects,

In an effort to increase the pumping efficiency of the excitation
lamp, sensitizing ions have been used. Energy transfer has been obssived
from the cerium ion to the Nd3+ fon in Y3A15012, The optical properties

of the cerium fon in garnet hosts have been studied because of certain

anomalous features of these properties. Probiems which limit the
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usefulness of energy transfer in these materials have also been con-

sidered,

II. COMPENSATING ION EXPERIMENTS

One of the major problems associated with the inclusion of the
neodymium ion in Y3A15012 is the relatively low concentration of active
jons which can be incorporated into the Czochralski-grown crystals.
We have been unable to prepare crystals of Nd3A15012 by any met hod,
Thus there is an intermediate solution of Y3A15012 -Nd3A15012 which
produces the maximum concentration of the Nd3+ fon possible, The dif-
ficulty of the ion incorporation may be alleviated, but not solved, by
extremely slow growth rates, A further difficulty arises from the
appearance of core strains which are caused by or accentuated by the
doping ions. The problem appears o0 be the resuli of the discrepancy

in siz2 between the Nd3+

ion and the Y3+ fon which it replaces in the
Y3A15012 crystal. The tstal effect may indeed have some advantages.
The laige size of neodymium ion apparently causes a ropulsion between
the oversized active ions, e.g., through crystal strain, and the ions
tend to remain the maximum distance apart consistent with the concentra-
tion. That is, there is not a random distribution of active ions, This
may serve to minimize the megnitude of the non-radiative interactions
between the neodymium ion. This result would be consistent with addi-
tional effects whish have been observed in the transfer of energy.

Two solutions have been considered to increase the concentration

of neodymium ions and to facilitatc active ion assimilatior during the

growth of Y3A15012 doped with neodymium. The first solution would be to

-3 -



expand the average lattice parameters by the inclusion of larger ions in
the yttrium site or in the gallium site. Although substitution in

either site is possikie, there appears to be the fundamental limitation
that too large an ion or too heavy a concentration substituted in the

Y3+ ion site will not allov: formation of crystals, (e.g., as was pointed
out with Nd3A15012). On the other hand, the substitution in the aluminum
site by a larger ion is more promising because it is found that crystals
in the entire range of solid solutions of Y3A15012 -Y3685012 can be
formed.

The second possihility for increasing the concentration of neo-
dymium fons is to attempt tv compensate for the large size of the neo-
dymium ion by an ion smaller than the yttrium ion. The physical picture
would be that the lattice strains caused by the oversized neodymium fon
would be reliev:d by the smaller ions.

Both ef these metiods have been tried and {adeed both appear, from
samples prepared from the flux melt method, to increase the coacentration.
These crystals were found to contain flux fons, however, 2nd therefore the
results are not clear-cut, since the flux inclusion may act as a compeansa-
tion ion, Preliminary results with pulled crystals indicate that the
addition of the Lu® fon does in fact permit a larger concentratisn of
neodymium jons to be incorporated for given growth conditions. An addi-
tional benefit which results from this type of compensation could be the
diminuation of the so-called "propeller"-type cores which are observed in
Czochralski-grown, neodymium-doped Y3A15012 crystals,

One additional effect however is observed with the use of com-

pensating ions, Figures ! and 2 show the room temperature fluorescence

-4 -
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spectra of Y,A1.0,,:Nd snd Y,Ga 0 :Nd, respectively, for the
3775712 5712

3

4 4 transition. In Fig, 3, the fluorescence spectrum of this

Fase = e
trgasition for mixed crystals of Y3A15683012:Nd {s shown., Here the line-
width of the transitions is seen to be considerably broadened. Tﬁis
effect is seen for other lattice-expanding, or oversized, jons., This
fluorescence broadening would of course be detrimentel to the charac-
teristics for stimulated emission, In Fig. 4 is shown the fluorescence
spectra for the room temperature 4F3/2 - 4111/2 transition in
Y1_5Nd.75Lu.75A15012:Nd. This broaZening does not appear nearly a3 pro~
nounced in the case of the smaller compensating fon. These experimonts

were performed with flux-grown crystals, The effects of the flux maie-

rial inclusions in the lattice are still under iavestigation,

I1I. ENERGY TRANSFER

The use of energy trausfer to lower the threshold for stimulated
emssion is a well-known technique, We have previously demonstrated
energy transfer from the cerium fon to the neodymium jon in Y3A15012
crystals., Because of certain anomalous festures in the optical properties
of the cerfum ifon in Y3A15012. these properties were studied in detail
and are discussed in Appeadizes A and B. In addition to energy tr-nsfer
from the cerium ion to the neodymium ion, the cerium fon can be used to
sensitize the fluorescence of several other rare earth fons. (See Ap-
pendix B,) This energy transfer is apparently the result of radiative
coupling between the fluorescent transitions of the cerium ion and the
absorption transitions of the other rare earth ions, Moreover, attempts

to lower the laser threshold in crystals of Y3A15012:C0:Nd because of the

e

[iabtls

SR RG i ER




Inferisily

| | L

intensity

e

Lo 1060 4 1050 p

The spectrum of the 4F?/ - 4111/2 fluorescent transitions
of the Nd3* fon in YgA 3Ea2012 measure’ at rocm temperature.

The broadening of the major fluorescent transitions relative
to these transitions in YaAlg012 and Y36a5012 is clearly
indicated.
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The spectrum of the 4F3/2 55 4111 o fluorescent transitions of
the Nd3* ion in Y1_5Luo.75Nd0.75£15012. Some broadening of
the fluorescent transition is observed but this broadening is
not nearly as pronounced as that for the NdJ* ion in

Y3A13682012 (cf. Fig. 3).
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incorperation of the ~erium ion have not been successful. We attribute
the failure of the sensitizing fon to lower the threshold for stimulated
emission to the large size of both the fluorescent fon site and the
neodymium fon with respect to the yttrirm fon which is replaced. As in

Sec. II, these oversized ions tend to distribute themselves in such a

s

manner as to maximize the distance to the nearest neighbor jons. A

further indication of such an effect is that for given growth conditions
the presence of the cerium fon reduces the concentration of the neocymium
fons, Therefore the sensitization of the neodymium fon is the result

of the relativeiy inefficient radiative transfer rather than the effi-
cient non-radiative transfer, (A similar effect has been noted by us

in previous reports for the Cr3+ - Nd3+

]

transfer fi Y3A15012.) Another

reveaiing result occurred when an attempt was made to measure the exci-

3+

tation spectrum of the Yb~ ion in Y%A15012. Althcugh the fluorescence

of the Yb3+ fon (elone) was observed, the 2xcitation spectrum was that
due to Nd3+ fon, We conciuded that impurity amounts o. neodyrium jons
were present and provided a very efficient transfer of exciiaticn energy

from the Nd3+ fon to the Yba+ ion. Because the Yb3+ fon is smaller

3+ 3+ ion tend

than the Y3+ fon which it replaces, the Yb™ ion and the Nd
to cluster, consequently providing a very efficient transfer of energy.
We conclude that our previous attempts to improve the laser per-
formance characteristics of Y3A15012:Nd have not beer successful because
the effects due to ionic size have not been taken into account. Further
work will be focused toward neutralizing these ion size effects through

the use of compensating ions or through novel sensitizing ions,

i
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IV. REMARKS ON ‘iHE TWO COLOR LASER PROBLEM

In the previous sections comments Lave been made that the size of
the active j~n relative to *he ion which it replaces, and the sizes of the =
compensating or sensitizing iors relative to th~ fons which they replace,
influence the properties of these materials. That is, oversize active
fons, such as the Nd3+ fon in Y3A15012, appear not to assume a random
distribution, but rather tend to remain as far apart as the equilibrium
grown conditions will permit. This feat~re, while severely liniting the
concentration for given growth conditions, has the advantage of minimiz-
ing the icnic iateractions, We speculate therefore that the b-st
Lu3A15012 would be a likely candidate in which to ovserve stimulated
emission at two wavelengths, i.e., from two di?Zerent rare ear.h ions, or
the so-called two color laser. Tre Lu3+ fon is the smallest of the rare
earth ions and therefore any pair of rare earth ions substitutec in the
lattice would tend to remain as far apart as the growth conditions would
permit, Even i{f the energy evels of the ions are such as to allow inter-
ac..ons through the relatively efficient non-radiative process, the radial
dependence of such an interaction is oportional to r " (where r is the
average distance between the interacting ions) and this interaction would
be minimized in this system, We point out that the incorporation of
active ions in this small lattice would be correspundingly more difficult
than the similar procedures in Y3A15012. In spite of poteniial problems,

we suggest that the host Lu3A15012 would be a likely cand.date in which

t.. obserre stinulated er ssion from two ions,
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V. FUTURE INVESTIGATIONS

During the next semiannual period ending 30 November 1967, studies
111 continue on efforts to improve the laser characteristic: of neo-
dymium-doped garnet crystals,

Further studies will be made to establish the effect of compensating
fons on the optical transitions (particularly the linewidth) of the
flucrescent transitions.

Attempts will be made te maxinmize the useful concentration of neo-
dymium ions in Y3A15012 through the use of compensating fons, Factors
which will 1imit the useful concentration, apart from the abiliiy of the
Y3A15012 to accept neodymium without disrupiion of the crysta®, include
optical perfection of the crystal and ioric interaction resulting in non-
radiative de-excitation which cause deterioration of the f.uorescence.

Similarly, attempts will he made through the use of compensating
fons to increase the efficiency of energy transfer from a sensitizing
ion to the active, i.e,, Nd3+, ion. Both cerium and chromium will be used
as sensitizing ions.

Laser quality crystals will be grown and tested -~ determine the

success of the use of compensating fons in increasing the laser threshold.
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APPENDIX A

OPTICAL PROPERTIES OF CER IUM-ACTIVATED
GARNET CRYSTALS

(SRRC-RR-67-36)
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Optical Properiies of Cerium-Activated Garnet Crystals'

H. W, idolloway, Jr. and M. Kestigian
Sperry Rand Research Center, Sudbuvy, Massachusetts

Abstract

The optical propertie: of cerium-activated garnet
crystals have been investigated., In the garnet crystals
showing luminescence, u bright yellow fluorescence hes
been observed, This fluorescence exhibits structure at
low temperatures, and wavelength maxima of the fluores-
cence spectrum profiles are found to be host-cepeadent.
Energy transfer has been observed from the cerium fon to

the neodymium ion.

Introduction

The optical spectra of the rare earth ions in garnet crystals have
been extensively investigated because of the suitability of these mmaterials
in laser applications.1 In a previous note, we have reported preliminary
data on the fluorescence of cerium-activated garnet crystals. A bright
yellow fluorescence was observed in several garnet host materials, These
fluorescence profiles were shown to be host-dependent, and at low tempera-
tures the fluorescence profile was partially resolved into two components,
In this paper, we report additional measurements of fluorescence spectra of
the cerium ion in garnet materials., 1In addicion, absorptien data have been
measureu for these materials in an effort to clarify the nature of the

fluorescent site,
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Experimental

The crystals wers prepared by the flux soivent method, The con-
centrations given for the crystals are those of the starting ingredients.3
A Czochralski-grown, cerium-doped Y3£15912 crystal was prepared for compari-
ton with the flux-grown crystals,

The absorption measurements were recorded on a Beckman DK-2
Recording Spectrometer (for the visibie and ultra-violet ranges) and by a
Perkin Elmer 337 Gr.ting Infared Spectrometer (for the infrared data).

The fluorescence data were taken with a Perkin Elmer 112 Record-
ing Spectrometer with a CaF2 prism. The output of the spectrometer was

detected with an EMI 9995 (S-20 response) photomultiplier. No attempi was

made to correct for the response of this tube,

Results
The absorption bands observed irn several cerium-doped garnet
crystals are shown in Figs. 1 and 2, A pair of absorption bands are ob-

served at approximately 2.65 j;, and 2.85 , and s second pair are observed

at 420 m: and 380 m.. In addition, an absorption line due to the flux inclusion

is observed at 260 m, The garnets with larger cell constants appear to
assimilate the flux impurities easier than those with smaller lattice con-
stants. .

The fluorescence profiles of several garnet host materials con-
taining cerium are shown in Figs. 3 through 7. Figure 3 shows the fluores-
cence profiles of several garnet materials taken at room temperature in
crystals where there has been a partial substitution for the Al3+ fon in

Y3A1‘312:Ce. The substitwion of a larger ijon for the Al3+ shifts the

SRR T
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infrared absor—tion spectra of several cerium doped garnet crystals.
Two prominent sorption transitions are observed at approximately
2,65 w and 2.uo p. The wavelength of the transition maxima vary
slightly with host material. The absorption transitions observed
at approximately 4,8 u are also observed in undoped crystals.
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The uv absorption transitions of Y4Al50,,:Ce (pulled), LugAls02:Ce,
and Y3AlpGa30jo:Ce crystals, Two prominen% absorption transitions are
observed at approximately 420 my and 380 mu. An zbsorption transition
at 260 mu, apparently due to the inclusion of flux in the crystals, is
not observed in the pulled Y3A15012:Ce sample.,

reton ettt sttt A

it

HHi

......ouuwrmwlwww"M?Pmim.mmi“l»Mmhmmmﬁmwﬁmnmnmmm
i il

il

{1 {"1

i

i

TIPS e e




i
2 |
g |
7]
(2]
z |
2 L
& |}
" BRI
| Wl
i |
N
1Y
|
|
1]
Y v
o 1 L ) 1 i N | ]
020 025 0.30 03 040 080 060

WAVELENGTH (mu)

FIG. 2b The uv absorption transitions of YqAls50;9:Ce (flux), Gd; 5Y; 5A150;5:Ce,
and GdgAl50;0:Ce. Two prominent absorption transitions are observed at
approximately 420 my and 330 my. The absorpiion transition at 260 my,
apparently due to the inclusion of flux in the crystals, is also observed
in the flux-grown YgAl50;5:Ce samples.
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fluorescences observed in cerium doped garnet crystals where the
A13* jons have been replaced by Gad+ or Sc3+ ions. These fluores-
cence profiles were measured at room temperature.
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FIG. 4 Comparison of the low temperature fluorescence of cerium doped
Y3Al50;2 with the flugrescences observed in cerium doped garnet
crystals where the Al3t ions have been replaced by Ga* or Sc3+
ions. These profiles were measured at 779K,
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FIG. 5 Comparisca of the fluorescence of cerium doped Y3A15012 with the
fluorescences of cerium doped garnet crystals, where the YJ* jons
have been replaced by Lu}* jons, La* ions or Gd3* ions. These
fluorescence profiles were measured at room temperature,

bl

i

i

i .wuuw.sw»mw;m;m,mmm&ﬁﬂmmmmm”mmmmﬂ

il

P

R e S S e e~



-"mwmwwww

o~ — Y3 A|5 0|2=C¢

- e L¢:|_5YL5AI5 0|2=Ce

© " L g Gsz| AI50|2=CG

i T+ LuL!.,YtSAI5 0|2=Ce

e Lug Alg 0 5 Ce

INTENSITY ( Arbitrary units )

| 1 | ol N ]
6200 5800 5600 5400 5200 5000 4500 4660

WAVELENGTH (A)

FIG. 6 Comparison of the low temperature fluorescence of cerium doped
YqA150;2 with the fluorescences of cerium doged garnet crystals
where the y3* jons have been replaced by Lud* ions. L ions
or Gd3* ions. These profiles were measured at 77"'K.
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crystals (similar to YsAl,0;9) of subctituting 6ad* jons for A13*
in crystals where a partial substitution for the Y3* ion has already
been made.



fluorescence band toward the blue, In Fig, 4 are shown fluorescence profiles
of the crysials in Fig, 3 measured at low temperatures. These spectra show
two partially resolved components in add’tion to the shift of the bands toward
the blue, The fluorescenct transitions are shown in Fig. 5 for crystals
where a substitution for the Y3+ ion has taken place in Y3A15012:Ce. The
substitution of the smaller Lu3+ ion shifts the bandé toward the blue while
the substitution of the larger La3+ and Gd3+ ions shift the bands towird the
red, The fluorescencu rrvofiles of Fig. 6 show the result of measuring the
fluorescence transitions of the crystals of Fig., 5 at low temperature. A
partial resolution of these bands into two components is again obrerved for
some profiles. Figure 7 shows profiles where substitutions in both the Y3+
and Al3+ sites have taken place.

A number of other experiments have been performed on these mate-
rials., The lifetime of the fluorescence decay has been determined to be
less than 1 ysec, Crystals of Y3635012:Ce do not axhibit fluorescence, and
the intensity of the fluorescence appears to diminish for concentration of
gallium greater than Y3A12633012:Ce. In addition, crystals of Y3A12G33012:Ce
and Y3A11.5633.5012:Ce exhibit phosphorezcence which persists for several
seconds after the removal of the ultraviolet excitation source,

Powder samples of these materials yield results identical to those
reported above for the crystal samples when the compounds are prepared under
oxidizing conditions. When the powder samples are prepared under reducing
conditions, a blue fluorescence is observed, usually in addition to the

yellow fluorescence. Unsuccessful attempts were made tc observe structure

at low temperature in this blue fluorescence component. It was not clear
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whether this structure was absent or masked by other effects, such as inter-
ference from the yellow fluozescence component.

A broadband yellow fluorescence component of the cerium ion in
these garnet materials overlaps absorption bands of several rare earth ions
of interest in laser applications, (e.g., the Nd3+ shown in Fig. 8)., This re-
sult suggests that energy may be transferreu from cerium ions to the other
rare earth ion, Such a transfer is indeed found for the cerium - neodymium
as is shown by the excitation spectrum in Fig, 9., The transfer appears to
be principally composed of (the relatively inefficient) radiative transfer,
i.e., the emission of a real photon by the cerium ion and the absorption
of that photon by the neodymium ion. Because of the overlap, however, non-

radiative transfer may also take place,

Discussion

The observed fluorescence does not appear to originate from the
Ce3+ site. Although the low temperature structure shown in Figs. 4 and 6 is
reminiscent of the results of Kr¥ger and Bakker.2 and attri’ uted by them to
the Ce3+ ion fluorescence, both the absorption and fluorescence transitions
of the garnet crystals are shifted far toward the red. Ir addition, the
infrared absorption band of the ce>* fon (2F7/2 - 2F5/2), which should be
present at approximately 2200 cm-l. is not observed, The absorption bund
which is observed in this region is also found in undoped crystals and
therefore does not result from a transition of the Ce3+ ion. The two ab-
sorption bands, which are observed in the infrared at 3500 em~! and 3800 cml,

cannot be idertified on the basis of the Ce3+ enerny levels, Our resulis

with powder samples, however, do show that the cerium-doped garnet

b
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FIG. 8 The comparison of the fluorescence spectra of YzAls50)9:Ce (dotted line)
with ¥3A150)9:Ce:Nd (solid line). The difference between the spectra
in each case can be attributed to a known Nd3+ absorption line, thereby
establishing th: radiative coupling between the neodymium ion and the
fiuorescent cerium and manganese ions.
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materials have a blue fluorescence when prepared under reducing conditions.
We attribute this to the CeJ+ ion. The yellow fluorescence, observed
when the samples are prepared under oxidizing conditions, is identical to
that reported ahove for garnet crystals, and we believe this fluorescence is
due to the presence of the Ce4+ ion, Similarly, the yellow flu.rescence
observed in the garnet crystal samples is the result of the prescnce of the
Ce4+ ion, The actual fluorescence, however, may originate from associated
lattice sites needed to ccmpensate for the valence of the Ce4+ ion in ‘he
lattice.

The structure, which is observed in the low temperature spectrum,
can be assigned to fluorescence transiticns leaving the level at ~ 420 m
and terminating at the levels at ~ 3.6 . and 2.8 u. The differences be-
tween these transition energies and the observed fluorescence transition
energies can be identified with the Stokes shift of the fluorcscence. There-
fore, the replacement of A13+ or Y3+ ions cnanges the lattice parameters

determining the amount of the Stokes shift and accounts for the shifts of

the fluorescence profiles observed in Figs. 3 through 7,
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On the Fluoressence o7 Cerium-Actirated Garnet Crystals
W, W, Holloway, Jr. and M. Kestigian
Sperry Rand Research Center, Sudbury, Massachusetts
The optical properties of rare-earth doped garnet materials have

been extensively investigated because of the importance of these hosts in

laser applications.1 In this note we report measuremeats of the fluores-
cence of crystals of Y3A15012:Ce, Lu3A15012:Ce and Y3A126a3012:Ce. In
! these cerium doped garrets, a bright broadband fluorescence has been ob-
served which exhibits doubiet structure at low temperature. This structure
is reminiscent of the spectra reported by Krdger and Bakker2 except the
fluorescence is shifted toward the red, The fluorescence profile varies
with the garnet hcst material and this change may be easily observed by
the luminescence color under uv excitation. This fluorescence does not
appear to originate from the Ce3+ ion incorporated in these hosts,

The fluorescence spectra of Y3A15012:Ce. Lu3A15012:Ce and
Y3A12633012:Ce (taken at room temperature) are shown in Fig. 1., 1In this
figure the difference between the fluorescence spectra of the samples is
clearly seen. Under uv excitation, the fluorescence of Y3A15012:Ce appears
yellow while the fluorescence of Y3A12633012;Ce appears green,

At low temperatures the fluorescence in these materials shows
evidence of structure, In Fig, 2 the fluorescence spectra of Y3A15012:Ce.
Lu3A15012:Ce and Y3A12633012:Ce are shown to be partially resolved into
two components at 77°K. The positions of the two lines are found to vary
with the host.

Several additional experiments have been performed on these

materials, The lifetime of the fluorescence of Y3A15012:Ce has been
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and have not been corrected for the photomultiplier response.
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found to be less than 1 ysec. Fluorescence was not sbserved in ciystals
of Y3635012:Ce and the fluoresceuce intensity in mixed crystals of the

type Y3A15_nGan012:Ce dininished markedly for n>3. In addition, the crys-
tals of Y3A12633012:Ce exhibit a phosphorescence which pers .ts for several
seconds, The role of impurities taken up by the crystals from the flux

has not been determined.

The absorption spectrum of Y3A15012:Ce obtained from Czochralski-
grown crystals shows two absorption bands at approximately 440 mu and
340 mu, The flux-grown crystals of Y3A15012:Ce showed an additional ab-
sorption band at approximately 265 mu, apparently due to the inclusion of
some of the flux solveat marerial in the lattice. Absorption ba.ds have
been observed in the infrared at 2.é y and 2.8 .

The samples used in the experiments described abo-.: were prepared
by the flux solvent methud.3 The concentrations are those of ithe starting
materials. Crystals of Y3A15012:Ce were also prepared by the Czochralski
technique3 for comparison. The fluorescence of the crystals was excited by
commercial long-wavelength uv sources, The fluorescence profiles were
recorded on a Perkin Elmer Type 112 recording spectrcmeter. An S-20 response
nlytomultiplier tube was used to detect the output of the spectrometer.

The rapid decay time and large linewidth of this fluorescence
suggest that these bands are not the f — f transitions obs:rved in rare éarth
fons., Thedinfrared absorption bands cannot be assigned to the Ce3+ ion,
which should have one group of lines corresponding to the 2F5/2 = 2F7/2

transitions at approximately 4.5 u. The two components observed in the low

temperature fluorescence spectra of these materials msy be due to the two



absorption lines showing a Stokes shift, (These results are similar to
those of Krger and Bakker except that the apparent Stokes shift in our
materials is much larger than for the materials which they measure.) The
optical spectra do not appear to originate from the Ce3+ ifon and instead
may be due to cerium ion pairs or to a cerium ion of a different valence
or its assoriated compensating site, The intcrpretation of these data is
still incomplete and further experiments are in progress to clarify these

results,
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